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Abstract: Objective: To investigate the feasibility and clinical efficacy of precise puncture combined with simplified
percutaneous vertebroplasty (PVP) for treating osteoporotic vertebral compression fractures (OVCF). Methods: A
total of 82 patients with single-segment osteoporotic vertebral compression fractures (OVCF) treated with PVP from
Dec. 2016 to Nov. 2018 were retrospectively analyzed. Among the patients, 45 cases in group A accepted precise
puncture combined with simplified PVP, and 37 cases in group B underwent conventional PVP. The operative time,
the number of intraoperative fluoroscopy, vertebral height restoration, postoperative bone cement distribution and
bone cement leakage were observed and compared. The pain relief and improvement of quality of life (QOL) were
assessed by visual analog score (VAS) and Oswestry disability index (ODI). Results: There were no differences in
injected cement volume and hospital stays in group A versus group B. The operative time, the number of intraopera-
tive fluoroscopy and material cost were lower in group A compared with group B (P<0.05). After surgery, the VAS
scores, ODI, the average vertebral height and Cobb angle were obviously improved and they were significantly dif-
ferent from those before operation (P<0.05). There was no statistically significant difference for VAS scores, ODI,
average vertebral height and Cobb angle between groups at different time points. The proportion of patients with
bone cement dispersion exceeding the midline of vertebra in group A was significantly higher than that in group B
(82.2% vs. 62.1%, P<0.05), whereas the bone cement leakage rate in group A was lower than that in group B (8.9%
vs. 27.0%, P<0.05). Patients were followed-up for 12-23 months (mean 17.6 months) after surgery. There were 3
cases (6.6%) of adjacent vertebral fractures in group A and 2 cases (5.4%) in group B. Conclusion: Precise puncture
can improve the accuracy of puncture needle through pedicle to vertebral body. It is conducive to obtaining a better
diffusion of bone cement across the midline with a lower bone cement leakage rate. Simplified PVP can not only
reduce the surgery procedures, shorten the operative time, reduce the X-ray frequency, but also save material cost.

Keywords: Thoracolumbar vertebral fracture, osteoporosis, percutaneous vertebroplasty, precise puncture

Introduction recovery of vertebral height, improvement of

Kyphosis, fewer X-ray exposure, etc. [1-5].

With aging of the population, the incidence of
osteoporotic vertebral compression fracture
(OVCF) is increasing year by year. The pain
symptoms induced have seriously affected the
self-care ability and quality of life (QOL) of elder-
ly patients [1]. As a mature minimally invasive
technique, percutaneous vertebroplasty (PVP)
has been widely used in many countries. It has
become one of the quick and effective meth-
ods for treatment of OVCF, due to the advan-
tages of simple operation, rapid relief of pain,

Polymethyl methacrylate (PMMA) is infused
directly after successful puncture through the
pedicle channel. The steps of establishing bal-
loon channel and intravertebral balloon dilation
are omitted. Therefore, intraoperative X-ray fre-
quency and material cost are reduced dramati-
cally. High bone cement leakage rate during
PVP is the biggest concern clinically. Young et
al. found that the bone cement leakage rate
during PVP was up to 76% [3]. Spinal surgeons
attempted to improve conventional PVP, such
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as using the percutaneous curved vertebro-
plasty technique [4], adopting high viscosity
bone cement [5] and applying vertebral gelatin
sponge debris pre-perfusion [6].

All approaches above remarkably reduced
bone cement leakage. In fact, the most direct
and effective way to reduce the bone cement
leakage rate is to achieve a precise puncture to
avoid the cracked vertebral cortex as far as
possible. Because of the low resistance in the
ruptured area, bone cement diffusion is more
likely to occur during perfusion, thus resulting
in cement leakage [2]. How to precisely punc-
ture the pedicle without using O-arm, CT or
other large navigation equipment? In this stu-
dy, the anatomical site of vertebrae was used
to achieve precise puncture, and PVP proce-
dures were further simplified. A comparison
with conventional PVP was given to show its
advantages in improving the puncture accura-
cy and reducing the bone cement leakage.

Materials and methods
General information

A total of 82 patients with single-segment
OVCF received PVP in Harrison international
peace hospital of Hengshui City from Dec.
2016 to Nov. 2018 were retrospectively ana-
lyzed. Patients were divided into two groups
according to the surgical procedure they
accepted. Group A (45 cases) accepted precise
puncture combined with simplified PVP and
group B (37 cases) underwent conventional
PVP. Written informed consent forms were
obtained from all included patients. The study
was approved by the hospital's medical ethics
committee (No. 2021-184). All the patients
were followed up for one year. Those patients
were adopted with routine out-patient clinic
appointment, returning visit or telephone fol-
low-ups at an interval of three months.

Inclusion and exclusion criteria

Inclusion criteria: (1) Local tenderness, percus-
sion pain and other typical clinical manifesta-
tions; (2) Fresh vertebral compression fracture,
from injury to surgical treatment <2 weeks; (3)
BMD T value (-2.5 SD), in compliance with the
diagnosis criteria of osteoporosis; (4) Clinical
follow-up >12 months.
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Exclusion criteria: (1) Old vertebral compres-
sion fractures, vertebral tuberculosis or tumor;
(2) Coagulation disorders, recent infection and
inflammatory reaction; (3) Vertebral bursting
fracture, damage in posterior wall of vertebrae
or lower extremity nerve symptom confirmed by
CT scan.

Imaging examination

All patients were given routine X-ray, CT scan
and MRI examinations after admission. The
position of fractured vertebrae, the degree of
vertebral height loss and the angle of local
kyphosis were roughly determined by X-ray. CT
scan determined whether the anterior edge of
vertebrae was damaged, whether the posterior
wall was intact and whether the fractured frag-
ments were invasive to the spinal canal. The
trajectory of the puncture needle into pedicle
was recorded on the cross section, and optimal
abduction angle was measured (Figure 2B).
Fresh or concealed fractures were diagnosed
by MRI based on the signal changes in the ver-
tebra (Figure 2A).

Surgical procedure

All surgeries were completed by the same
senior surgeon (Dr. Zhang). Patient was kept in
a prone position. A cushion was put under the
chest and hip to suspend the abdomen. The
diseased vertebral body was positioned with
C-arm X-ray. Perspective position was adjusted
to equate the distance of pedicle projection on
both sides from the spinous process. Thus, the
upper and lower edges of the vertebrae were in
a straight line. The puncture site was located at
2-2.5 cm beside the apical spinous process.
Cut the skin at the puncture site longitudinally,
approximately 4-5 mm. Vertebrae were punc-
tured with vertebroplasty system (Shanghai
Kinetic Co., Ltd, China) through unilateral pedi-
cle.

Group A: Puncture needle (2.5 mm in diameter)
was positioned in the upper outer edge of the
vertebral pedicle. An insertion was made in
accordance with the optimal abduction angle.
Three reference points, including the posterior
wall of the pedicle, middle of the pedicle and
junction of the vertebral body, were sequential-
ly passed through on positive and lateral imag-
es (Figure 1A-D). Then, the needle entered the
vertebral body. Needle tip in lateral image
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Figure 1. Three reference points were sequentially passed through on positive and lateral images. A. Three refer-
ence points (a, b, c) corresponding to the positive and lateral radiographs. B. Posterior wall of the pedicle-outer
upper edge of pedicle projection (a). C. Middle segment of the pedicle-midpoint of pedicle projection (b). D. The
transition of pedicle and vertebral body-inner lower edge of pedicle projection (c).

Figure 2. A 65-year-old female patient with falling caused backache for 4 days. A.
MRI image showed high signal changes on T12 vertebra. The L1 vertebra was in
wedge-shaped but without edema signal. B. CT cross-section image illustrated that
the projection of inner and outer lateral wall (b1, b2) of pedicle (a, d). The midpoint
was (b), and the puncture site was from (a), passing through (b to c). The optimal
abduction angle was 18.9°. C. The puncture site was at 2.5 cm beside the midline,
and puncture was performed from the right side of the pedicle. D. The needle passed
through (a, b and c) to the front 1/3 of vertebra body, and then pulled out the inner
core. E, F. At a wiredrawing stage the high-viscosity bone cement was aspirated into
the syringe. G, H. Bone cement was dispersed well with no remarkable leakage. I.
Puncture was performed following the trajectory set before the surgery, and the bone
cement dispersion exceeded the midline.
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reached the front 1/3 of vertebrae, and in a
positive image it was close to the midline of
the vertebra. Inner core of the puncture needle
was pulled out. The prepared high-viscosity
bone cement (Tianjin Institute of Synthetic
Materials Industry, China) was aspirated with a
2 ml injector and infused slowly into the verte-
bral body while wire drawing. X-ray was per-
formed once while 0.5 ml cement was infused.
An infusion was stopped when bone cement
diffused to the upper or lower edge of verte-
brae or to the anterior edge of cortex (Figure
2C-H). Once the bone cement had hardened,
the puncture needle was removed.

Group B: Puncture needle was inserted at an
abduction angle of 25-35° to reach the outer
upper edge of pedicle projection (left-side pun-
cture at the 2 o’clock position, and right-side
puncture at the 10 o’clock position). Once X-ray
showed that the needle had reached the mid-
dle of vertebrae through pedicle, the needle
core was pulled out. The guidewire was insert,
and a working channel (4.0 mm in diameter)
along the guidewire was then establish. High-
viscosity bone cement was slowly infused into
vertebrae from the catheter. The infusion was
discontinued after bone cement was diffused
evenly. After removing the cannula, the patient
was observed for 10 min and returned to the
ward if there was no discomfort.

Evaluation parameters

The primary indexes were as follows: the op-
erative time, the number of intraoperative fluo-
roscopy, injected cement volume, material cost
and hospital stays were recorded. The second-
ary indexes were as follows: X-ray and CT scan
were taken 1 day after surgery. The diffusion
and leakage of bone cement in vertebra were
observed. Vertebral body height and local
Cobb angle were measured before and after
surgery. Pain relief was evaluated with visual
analogue scale (VAS) scores (10 points) [4].
QOL and self-care ability was assessed with
Oswestry disability index (ODI) [7].

Vertebral body height: On the lateral radio-
graph, the distance between the upper and
lower endplates of the anterior and midline of
the vertebral body was measured respectively
[7]. The average vertebral height = (anterior
vertebral height + median vertebral height)/2.
Bone cement dispersion exceeding the midline:
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A midline was drawn on the CT cross-section of
the film to observe whether the bone cement
dispersion exceeded the midline (Figure 2I).

Cobb angle: On the lateral radiograph, straight
lines parallel to the vertebral endplate were
drawn respectively on the upper edge and low-
er edge of the vertebral body next to the dis-
eased vertebra. The intersection angle of the
two straight lines was the Cobb angle.

Statistical analysis

All statistical analyses were conducted using
SPSS (Version 20.0; IBM, Chicago, IL, USA). The
measurement data were expressed by mean +
standard deviation. One-way ANOVA followed
by a post hoc. Fisher’s least significant differ-
ence (LSD) test was used to analyze the data
among three groups. And T test was used to
detect the differences between the two groups.
The counting data were expressed by percent-
age. An x? test was used to compare between
two groups. Two-sided P-values of <0.05 were
considered statistically significant.

Results
Comparison of general data

There was no significant difference between
the two groups in baseline data including age,
sex, injury time, bone mineral density (BMD)
and fracture location (P>0.05), so the two
groups are comparable. See Table 1.

Comparison of operative time, number of intra-
operative fluoroscopy and material cost

In terms of operative time, the number of intra-
operative fluoroscopy and material cost, group
A was significantly lower than group B (P<0.05).
There were no significant differences in inject-
ed cement volume and hospital stays in group
A versus group B (P>0.05). See Table 2.

Comparison of VAS scores and ODI

The VAS scores and ODI decreased significant-
ly in both groups after surgery (P<0.05), and
they were significantly different from those
before operation. There was no significant dif-
ference between the groups (P>0.05). Com-
pared with preoperative values, the average
vertebral height and Cobb angle were signifi-
cantly improved in both groups after surgery

Am J Transl Res 2021;13(12):14195-14202



Effects of precise puncture combined with simplified PVP on OVCF

Table 1. Baseline characteristics of the two groups

Group Gender Age Injury time BMDT Fracture location (cases)
male female (years) score thoracic Thora-columbar lumbar

Group A (45 cases) 15 20 67.549.2 5.3+2.2 -2.8+0.5 7 31 7

Group B (37 cases) 11 26 68.319.8 4.6%£2.0 -3.0+0.6 8 24 5

t/X? value 1.343 0.380 1.646 0.515

P value 0.246 0.704 0.103 0.773

Table 2. Comparisons of intraoperative data between the two groups

Group Qperatiye Intraoperat_ive Injected cement Material cost Hospital days
time (min) fluoroscopy times volume (ml) (RMB) (days)

Group A (45 cases) 36.5+5.3 26.9+3.2 3.6+0.8 7629.5+116.5 4.8+0.9

Group B (37 cases) 42.2+6.7 34.3+4.4 3.4+0.7 9813.2+149.6 4.6+0.8

tvalue 4.301 8.804 1.191 73.913 1.052

P value <0.001 <0.001 0.237 <0.001 0.296

Table 3. Comparisons of VAS score and ODI between the two groups

VAS score ODI (%)
Group . 3 months 1 year . 3 months 1 year
preoperative preoperative

postop postop postop postop
Group A (45 cases) 7.8+1.7 3.4+1.1%* 2.6+0.9* 62.3+9.4 29.5+4.3* 24.6+£3.2*%
Group B (37 cases) 7.6+1.5 3.3+1.2* 2.7+0.8* 61.0+9.1 27.9+4.1%* 23.4+3.0*
tvalue 0.558 0.393 0.526 0.632 1.712 1.637
P value 0.577 0.695 0.600 0.529 0.091 0.106

Note: Compared with those before operation, *P<0.05.

Table 4. Comparisons of average vertebral height and Cobb angle between the two groups

Average vertebral height (mm)

Cobb angle (°)

Group . 3 months 1 year ) 3 months 1 year
preoperative preoperative
postop postop postop postop
Group A (45 cases) 16.5+3.3 25.7+4.0*  24.9+3.8* 25.3+3.8 16.7+£2.8* 17.3+2.9*
Group B (37 cases) 17.1+3.5 26.1+4.3* 25.3+4.0* 24.4+3.6 16.3+3.0* 17.0£3.2*
tvalue 0.797 0.435 0.463 1.092 0.623 0.440
P value 0.427 0.664 0.644 0.278 0.534 0.658

Note: Compared with those before operation, *P<0.05.

(P<0.05). And there was no statistically signifi-
cant difference between the groups at differ-
ent time points (P>0.05), as shown in Tables 3
and 4.

Comparison of bone cement dispersed, ce-
ment leakage and adjacent vertebral fractures

The proportion of patients with bone cement
dispersion exceeding the midline of vertebra in
group A was significantly higher than that in
group B (82.2% vs. 62.1%, P<0.05), whereas
the bone cement leakage rate in group A was
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lower than group B (8.9% vs. 27.0%, P<0.05).
Patients were followed up for 12-23 months
(mean 17.6 months) after surgery. There were
3 cases (6.6%) of adjacent vertebral fractures
occurred in group A and 2 cases (5.4%) in
group B (P>0.05). See Table 5.

Discussion

For PVP technique, complications of intraoper-
ative puncture and bone cement leakage have
been increasingly reported [8-10]. Thuse, it is
vital to decrease intraoperative complications.
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Table 5. Conditions of bone cement dispersed, cement leakage and adjacent vertebral fractures

Bone cement dispersed
Group surpass the midline (%)

Cement leakage

Adjacent vertebral
rate (%) fractures (cases)

Yes No

Yes No Yes No

Group A (45 cases) 37 (82.2%) 8 (17.8%)

Group B (37 cases) 23 (62.1%) 14 (37.9%)
X? value 4162
P value 0.041

4 (8.9%) 41 (91.1%) 3 (6.6%) 42 (93.4%)
10 (27.0%) 27 (73.0%) 2 (5.4%) 35 (94.6%)

4.718 0.062
0.030 0.803

It is reported that the site and trajectory of the
puncture needle not only determine the safety
during surgery, but are also directly associated
with the leakage rate of bone cement [11-13].
In the past, the abduction angle and puncture
trajectory of puncture needle mainly depended
on the experience of surgeons. However, mus-
cle thickness of the lower back of patients, as
well as pedicle transverse and sagittal diame-
ter width are different; the success rate of
puncture will be affected once deviation of the
puncture site or puncture angle occurs [14].
Therefore, the precise puncture of PVP is par-
ticularly important. In this study, CT images
were used to measure and obtain relevant data
(group A). Thus, the optimal abduction angle
and puncture needle trajectory in vertebrae
were determined. Under the monitoring of X-ray
during surgery, a puncture needle with a diam-
eter of 2.5 mm was adopted to precisely pass
through 3 reference points (a, b, c) of the pedi-
cle. As a result, the puncture needle was al-
ways traveling in cancellous bone with uniform
texture, and high-viscosity bone cement was
infused slowly with an injector when the punc-
ture needle reached the front 1/3 of the verte-
brae. During surgery, the precise puncture was
conductive to avoiding damaged region of the
anterolateral wall of vertebra, so that the bone
cement was infused away from the fracture
line. Thus, bone cement leakage was effective-
ly prevented.

A puncture needle of 2.5 mm in diameter was
convenient to adjust the angle and increase
the passing ability in pedicle. Operating steps
and material cost was reduced without using a
secondary cannula. A graduated injector in-
stead of an injection catheter can more accu-
rately grasp the injection volume of bone
cement. Comparison with conventional PVP
(group B) showed that this technique is inti-
mately associated with reduced duration of
surgery (36.5 min vs. 42.2 min), intraoperative
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X-ray frequency (26.9 times vs. 34.3 times)
and material cost (7629.5 vs. 9813.2). More
importantly, bone cement leakage was lower
(8.9% vs. 27.0%). In group A, a small amount of
air (0.7 ml) in the puncture cannula was likely
to enter the vertebral body while bone cement
was infused. However, no discomfort symp-
toms were observed in any patients. It was
believed that the air entering vertebrae might
diffuse from the vertebral tissue into the soft
tissue without air embolism. Bone cement pul-
monary embolism [9] and cerebral fat embo-
lism [15] were reported clinically in literature,
and no instances of air embolism were re-
ported.

It was reported that the dispersion status of
bone cement was closely correlated with bio-
mechanical stability of vertebral body and post-
operative efficacy [16, 17]. Li et al. [16] believ-
ed that the distribution of bone cement in ver-
tebrae may affect the clinical effect after PVP
procedure. The VAS scores of patients with
bone cement dispersion tending to one side
were significantly higher than those closing to
the midline. Therefore, it is recommended that
the bone cement should be dispersed exceed-
ing the midline. Molloy et al. [17] confirmed
through biomechanics that the strength of the
vertebral body can be restored by the volume
of bone cement injected to 3.5 ml. The verte-
bral mechanical stability with bone cement dis-
persing to one side was poor, but the occur-
rence of vertebral recompression was not influ-
enced. In this study, symptoms of local pain
were markedly alleviated in group A and group
B, and daily life and self-care were significantly
improved. The rate of bone cement dispersal
exceeding the midline in group A under preci-
sion puncture was significantly higher than that
of group B (82.2% vs. 62.1%). No recompres-
sion of the cemented vertebral body occurred
in any patients during follow-up. There were 3
cases (6.6%) adjacent vertebral fractures in
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group A and 2 cases (5.4%) in group B, with no
significant differences. This fully demonstrates
that the overall efficacy of these two minimally
invasive techniques is the same, but the pre-
cise puncture method can make the channel
closer to the midline of the vertebral body,
which is conducive to the high-viscosity bone
cement to be evenly dispersed in the vertebral
body, and ultimately, make the vertebral body
strengthening more uniform.

Intraoperative bone cement leakage is associ-
ated with a variety of factors, such as fracture
severity grade, integrity of endplate and cortex,
cement injection stage, injected cement vol-
ume, cement viscosity, injection techniques,
and puncture accuracy [2, 4, 5, 9-13]. Zhu et
al. [18] found that among the many related fac-
tors of bone cement leakage, fracture severity
and bone cement injection were the two stron-
gest independent risk factors for leakage.
During the operation, it is difficult for the sur-
geon to control the optimal amount of bone
cement; small injection volume may lead to
poor postoperative effect [19], and excessive
injection volume is likely to cause irreversible
bone cement leakage [18, 20]. In order to
restore the mechanical strength of the verte-
bral body, Liebschner et al. [21] recommended
that the volume of bone cement in the upper
thoracic vertebrae should be 2.5-3.0 ml, thora-
columbar vertebrae 3-4 ml, and lower lumbar
vertebrae 5-6 ml. To reduce the bone cement
leakage rate, high-viscosity bone cement was
used in both groups, and the injection volume
was controlled as 3.4-3.6 ml, combined with
an intraoperative precision puncture. The leak-
age rate was reduced to 8.9%, which was sig-
nificantly lower than those reported in studies
of Saracen et al. [9] and He et al. [12] (41.7%
and 13.6%, respectively).

This study has some limitations. First, the sam-
ple size was not enough. Second, only short-
term indicators were evaluated. Third, the me-
chanisms of precise puncture were not men-
tioned. Therefore, conducting a prospective,
multicenter, randomized controlled and large-
sample clinical study on precise puncture com-
bined with PVP for treating OVCF is warrant-
ed to provide more evidence for treatment of
OVCF.

In conclusion, by adopting intraoperative preci-
sion puncture, the accuracy of puncture is dra-
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matically improved so that the bone cement
dispersion could exceed the midline better, and
the bone cement leakage rate is reduced. By
using the simplified PVP technique, the opera-
tion steps and intraoperative X-ray frequency
are reduced, the surgery duration is shortened,
and material cost is decreased. No significant
difference is observed in vertebral height
recovery and Cobb angle improvement com-
pared with conventional PVP.

Disclosure of conflict of interest
None.

Address correspondence to: Jutao Pang, De-
partment of Orthopedics, Harrison International
Peace Hospital, No. 180 Renmin Road, Hengshui
053000, Hebei Province, China. Tel: +86-0318-
2181213; Fax: +86-0318-2181213; E-mail: pan-
gjutao_pvp@21cn.com

References

[1]  McCarthy J and Davis A. Diagnosis and man-
agement of vertebral compression fractures.
Am Fam Physician 2016; 94: 44-50.

[2] Xie W, Jin D, Ma H, Ding J, Xu J, Zhang S and
Liang D. Cement leakage in percutaneous ver-
tebral augmentation for osteoporotic vertebral
compression fractures: analysis of risk factors.
Clin Spine Surg 2016; 29: E171-176.

[3] YoungC, Munk PL, Heran MK, Lane MD, Le HB,
Lee S, Badii M, Clarkson PW and Ouellette HA.
Treatment of severe vertebral body compres-
sion fractures with percutaneous vertebroplas-
ty. Skeletal Radiol 2011; 40: 1531-1536.

[4] ChengY and Liu Y. Percutaneous curved verte-
broplasty in the treatment of thoracolumbar
osteoporotic vertebral compression fractures.
J Int Med Res 2019; 47: 2424-2433.

[5] Zhangl,WangJ, Feng X, Tao Y, Yang J, Wang Y,
Zhang S, Cai J and Huang J. A comparison of
high viscosity bone cement and low viscosity
bone cement vertebroplasty for severe osteo-
porotic vertebral compression fractures. Clin
Neurol Neurosurg 2015; 129: 10-16.

[6] Wang S, Wang B, Yu X, Ma T, Ntambale MC,
Yan J, Ding Q, Zhang R, Wu H and Liu C. Effica-
cy of gelatin sponge impregnated with ropiva-
caine on postoperative pain after transforami-
nal lumbar interbody fusion: a comparative
study. BMC Musculoskelet Disord 2021; 22:
660.

[71 Zhang Z, Jiao F, Huang H, Feng Y, Xie C, Liu D,
Qin F, Zhang S, Wu P, Tan W and Tang W. A sec-
ond puncture and injection technique for treat-
ing osteoporotic vertebral compression frac-
tures. J Orthop Surg Res 2019; 14: 413.

Am J Transl Res 2021;13(12):14195-14202


mailto:pangjutao_pvp@21cn.com
mailto:pangjutao_pvp@21cn.com

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

Effects of precise puncture combined with simplified PVP on OVCF

Xu Z, Hao D, Liu T, He B, Guo H and He L. Cause
analysis of open surgery used after percutane-
ous vertebroplasty and kyphoplasty. Med Sci
Monit 2016; 22: 2595-2601.

Saracen A and Kotwica Z. Complications of
percutaneous vertebroplasty: an analysis of
1100 procedures performed in 616 patients.
Medicine (Baltimore) 2016; 95: e3850.

Hsieh MK, Kao FC, Chiu PY, Chen LH, Yu CW,
Niu CC, Lai PL and Tsai TT. Risk factors of neu-
rological deficit and pulmonary cement embo-
lism after percutaneous vertebroplasty. J Or-
thop Surg Res 2019; 14: 406.

Braak SJ, Zuurmond K, Aerts HC, van Leersum
M, Overtoom TT, van Heesewijk JP and van Stri-
jen MJ. Feasibility study of needle placement
in percutaneous vertebroplasty: cone-beam
computed tomography guidance versus con-
ventional fluoroscopy. Cardiovasc Intervent Ra-
diol 2013; 36: 1120-1126.

He CJ and Liu GD. Comparison of the efficacy
and safety of bone-filling mesh container and
simple percutaneous balloon kyphoplasty in
the treatment of osteoporotic vertebral com-
pression fractures. Pain Physician 2018; 21:
259-268.

Tang S, Fu W, Zhang H, Zhang H and Liang B.
Efficacy and safety of high-viscosity bone ce-
ment vertebroplasty in treatment of osteopo-
rotic vertebral compression fractures with in-
travertebral cleft. World Neurosurg 2019; 132:
e739-e745.

Sidhu GS, Kepler CK, Savage KE, Eachus B, Al-
bert TJ and Vaccaro AR. Neurological deficit
due to cement extravasation following a verte-
bral augmentation procedure. J Neurosurg
Spine 2013; 19: 61-70.

Ahmadzai H, Campbell S, Archis C and Clark
WA. Fat embolism syndrome following percuta-
neous vertebroplasty: a case report. Spine J
2014; 14: el1-5.

14202

[16]

[17]

(18]

[19]

[20]

[21]

LiZ, XuY, Xu W, Zhu X and Chen Y. The correla-
tion between the diffusion coefficient of bone
cement and efficacy in percutaneous vertebro-
plasty. Orthopedics 2021; 44: €95-e100.
Molloy S, Riley LH 3rd and Belkoff SM. Effect of
cement volume and placement on mechani-
cal-property restoration resulting from verte-
broplasty. AJNR Am J Neuroradiol 2005; 26:
401-404.

Zhu SY, Zhong ZM, Wu Q and Chen JT. Risk fac-
tors for bone cement leakage in percutaneous
vertebroplasty: a retrospective study of four
hundred and eighty five patients. Int Orthop
2016; 40: 1205-1210.

Ye LQ, Liang, Jiang XB, Yao ZS, Lu H, Qiu T, Yu
WB, Mo L, Zhang SC and Jin DX. Risk factors
for the occurrence of insufficient cement distri-
bution in the fractured area after percutane-
ous vertebroplasty in osteoporotic vertebral
compression fractures. Pain Physician 2018;
21: E33-E42.

Sun HB, Jing XS, Liu YZ, Qi M, Wang XK and Hai
Y. The optimal volume fraction in percutane-
ous vertebroplasty evaluated by pain relief, ce-
ment dispersion, and cement leakage: a pro-
spective cohort study of 130 patients with
painful osteoporotic vertebral compression
fracture in the thoracolumbar vertebra. World
Neurosurg 2018; 114: e677-e688.
Liebschner MA, Rosenberg WS and Keaveny
TM. Effects of bone cement volume and distri-
bution on vertebral stiffness after vertebro-
plasty. Spine (Phila Pa 1976) 2001; 26: 1547-
1554.

Am J Transl Res 2021;13(12):14195-14202



